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Abstract 
The development of the integrated monitoring network is presented together with 
carrying out of preliminary experimental investigations. The structure of the 
monitoring network, designed within the EMMA research project, has been based 
on four main components: the monitoring of the coastal zone, by means of an 
automated remote station (buoy) and by traditional sampling in fixed stations, 
which has to provide a set of high resolution environmental data; the 3-D 
numerical model (ROMS), which has been implemented for hydrological 
simulations and forecasting of hypoxia scenarios in the area of interest; the Local 
Information Centre (LIC) has been set up for the collection and for the exchange of 
all data and modelling results among the various components of the network; the 
Decision Support System which brings, for the first time in the region, the 
scientific aspects of the hypoxia phenomenon to the operational requirements of 
local institutions and socio-economic operators. The structure of the monitoring 
network, designed within the EMMA research project (Environmental 
Management through Monitoring and Modelling of Anoxia; LIFE04ENV/IT/0479) 
(2004-2007), is described in the contribute. 
 
SAMPLING ACTIVITY, ANALYTICAL METHODS, DATA 
ACQUISITION AND ELABORATION 
The monitoring network was planned, designed and built by taking into 
consideration the existing monitoring networks and data acquisition systems in the 
area. Monitoring of the coastal zone by the Regional Environmental Agency 
(ARPA Daphne) using hydrological, chemical and biological parameters has been 
augmented with: 
one fixed, automated station  
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one new monitoring network of microbial communities, including a few 
harmful for human heath species, to be activated in case of “early warning” 
regular information about unusual catches of fish and other benthonic 
animals 
 
to complete the information on the water quality over the area. 
Meteorological data were obtained from the high resolution forecasting 
elaborations of LAMI (Limited Area Model Italy), implementation of the Lokall 
Model [1], a non hydrostatic model with 7 Km horizontal resolution, operated by 
the SIM (Servizio Idro-Meteorologico, ARPA Emilia-Romagna) in agreement with 
the Meteorological Office of the Italian Air Force and with Region. Flow rates of 
the Po River (daily average) and model simulations of flow rates of the other local 
contributing water courses located along the Emilia Romagna coast will also be 
used. Overall, the observing and prediction system of EMMA is based on the 
following activities. 
 
WATER QUALITY INVESTIGATIONS AND PELAGIC/DEMERSAL 
RESOURCES 
- The automated station (fixed buoy, Fig. 1) implemented for remote acquisition 
of meteorological data (wind direction and intensity, air temperature, air 
pressure, humidity and solar radiation) and CTD data for temperature and 
conductivity (SeaBird SBE37 SI), dissolved oxygen (Seabird SBE 43), 
turbidity (infrared turbidimeter), Chl-a (Tuner design SCUFA) at the surface 
and near the bottom. 
 
- A single-point Doppler Aanderaa DCS-4100 current meter will measure the 
current direction and speed in the deeper layer. The buoy is equipped with 
power supply and data transmission systems. 
 
- Environmental monitoring by ARPA Daphne in the area around the automated 
station has been performed by sampling 18 fixed stations located along 4 
transects (Fig. 1 of previous contribute). High resolution sampling is required 
in the case of an early warning and occurrence of hypoxia events. Operations 
in the field include bottle sampling for chemical (dissolved inorganic nutrients, 
ammonia, TN, TP) and biological (phyto and zooplankton) analyses, corer and 
box corer for sediment sampling. Telecamera, ROV and photocamera for 
underwater environmental observations and records. 
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- Microbiological monitoring carried out by collecting water samples north of 
the entrance to the port of Rimini, for studying the microbial community and 
the presence of harmful (pathogenic) species for human health under hypoxic 
conditions. Nitrosomonas, Nitrobacter and Total Denitrifying Bacteria (TDB), 
Vibrio spp., presumptive Vibrio Vulnificus and Pseudomonas spp. were 
determined. 
 
- Information on unusual catches of fish and demersal species may be the result 
of stressful conditions due to low oxygen concentration. These data have been 
collected with the co-participation of  local fisheries providing regular reports 
on catches including physical size and species abundances 
 
 
Fig. 1 - Automated station (buoy) 
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Sea floor characterization 
- Sea floor and sediment characterization was carried out during a preliminary 
cruise (September 2005) by the R/V Dallaporta (CNR ISMAR), and further 
investigations have to be carried out in the case of hypoxia/anoxia occurrences. 
Sediments were sampled by box-coring along three transects (Cesenatico, 
Bellaria, Rimini). Sediment sections were photographed and their litho-
stratigraphy described. Sub-samples for pH, redox potential (Eh) and 
temperature were immediately measured after collection. Analyses of short-
lived radioisotopes (Pb-210, Cs-137, Be-7, Th-234), organic carbon, δ13C, C/N 
ratio of the organic matter and mineralogical characterization were also 
performed in the ISMAR laboratories.  
 
Data management  
- Meteorological forecasts, river discharges, in situ observations and 
hydrological and chemical data acquired by the automated station and by 
traditional sampling will be fed to a Local Information Centre (LIC) and be 
organized on a database server. 
 
Modelling and Processing  
- A 3-D numerical model, the Regional Ocean Modular System (ROMS) [2], 
which includes a biogeochemical module, is used for the short-term (72 h) 
forecasting and early warning of hypoxia and anoxia events. The model 
provides hindcasts and forecasts of circulation and dissolved oxygen content of 
the waters in the area every day for the following 3 days as daily averaged 
fields (time resolution would be stepped up to hourly in the case of hypoxic 
conditions developing). 
 
- The Decision Support System developed by EMMA assimilates all information 
and data provided by the forecasting model and by the in situ observations. It is 
designed as a tool for helping in the management of hypoxia crises by the local 
authorities. 
 
Some of the parameters described above, the meteorological forecasts and 
the real-time data provided by the automated station, are considered to be of 
primary importance (first priority) for the monitoring network, as they must be 
readily available for predicting hypoxia scenarios.  
The remaining data and information have been classified as second priority 
data, necessary to confirm the presence of the hypoxia event and to study its 
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evolution in more detail. 
 
THE FORECASTING MODEL FOR HYPO-ANOXIC EVENTS 
The forecasting system has to predict not only hypoxia events and their 
duration but also their spatial extension (surface area and water depth). The low 
resolution ROMS model currently implemented covers the whole Adriatic Sea at 2 
km horizontal resolution. Forty eight rivers (and springs) are included as sources of 
mass and momentum using available daily discharges (the Po, Pescara, Biferno 
rivers) and monthly climatological values otherwise. Biogeochemical input is 
defined for every river on the basis of published data. According to preliminary 
tests conducted on previous data and with dissolved oxygen as passive tracer, the 
hydrodynamic model is able to simulate circulation in the North Adriatic Sea and 
the dissolved oxygen dynamics with good agreement with data for up to a few 
days. Using the nutrient input from rivers (mainly the Po River), the model is able 
to simulate phytoplankton bloom and consequent detritus accumulation on the sea 
floor which in turn causes dissolved oxygen consumption. As the biogeochemical 
module contains large simplifications of real processes, an accurate tuning of 
parameters is needed to obtain an optimal simulation of dissolved oxygen 
dynamics  
 
THE DECISION SUPPORT SYSTEM  
Decision Support System (DSS) acquires and integrates a series of indices 
and indicators derived particularly from scientific partners and from environmental 
data provided by monitoring activities and past knowledge, outputs of the 
forecasting models and other additional information in order to evaluate 
effectiveness and environmental and socio-economic impacts of different 
intervention strategies. It is expected to represent a sort of “manual” to lead public 
authorities toward a correct management of the coastal zone with regard to 
dystrophic phenomena. The DSS has been planned to approach hypoxia/anoxia 
events on two different spatial-temporal scales. In the short term and for local 
events, the DSS has to provide practical instructions and guidance to local 
authorities for an immediate management of the emergency, to mitigate the impact 
of these events on coastal water quality and to suggest corrective actions. Over the 
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long term and in the case of basin-wide extended events, the DSS has to contribute 
to the identification of both major risks and concurrence of factors that may worsen 
the hypoxic/anoxic event evolutionary trend. If such critical aspects turn out to be 
linked to incorrect environmental management practices or to unsustainable human 
activities, long-term remediation plans will be implemented, at regional and even 
national levels. 
 
STRUCTURE OF THE MONITORING NETWORK OF EMMA.  
The structure of the monitoring network of EMMA (Fig. 2) is based on the 
utilization of the available monitoring network, environmental data and 
meteorological forecasting systems in the area of interest, in order to attain a cost 
effective structure. Available resources and facilities are integrated into a network 
specifically designed to manage hypoxia and anoxia events.   
The EMMA network has four main components. The Local Information 
Centre operates as a centre for collection and exchange of data and model results 
among the different parts of the network. The coastal monitoring system will 
provide the high resolution environmental data, which are needed to define hypoxia 
scenarios and to implement the early-warning system. These data will be collected 
by means of an automated remote station (buoy) and by traditional monitoring 
activity in fixed sampling stations. The forecasting model will provide hydrological 
simulations and oxygen budgets in the area of interest with high temporal and 
spatial resolutions. The Decision Support System will act as an interface between 
the scientific aspects of the hypoxia phenomenon and the operative needs of local 
institutions and socio-economic operators. 
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Fig. 2 - Components of the monitoring network of EMMa project (grey) and available 
environmental data, monitoring activities and model processing used by the 
project. 
 
 
REFERENCES  
 [1] Steppeler J., G. Doms, U. Shatter, H. W. Bitzer, A. Gassmann, U. Damrath & 
G. Gregoric. Meso-gamma scale forecasts using the nonhydrostatic model LM. 
Meteorology and Atmospheric Physics 2003, 82:75-96. [32] Marchetti, R. The 
problems of the Emilia Romagna coastal waters: facts and interpretations. In: 
Vollenweider R.A., R. Marchetti & R. Viviani (eds), Marine Coastal 
Eutrophication. Elsevier, Amsterdam 1992, 21-33. 
 [2] Shchepetkin, A. F. & J. C. McWilliams. The Regional Ocean Modelling 
System: A Split-Explicit, Free-Surface, Topography-Following-Coordinate Oceanic 
Model. Ocean Modelling 2005, 9: 347-404 
 
